Plasmid pULB113 (RP4::mini-Mu), which contains the mini-Mu transposon, promoted both homologous and heterologous gene transfer from Pseudomonas fluorescens 6.2 and Alcaligenes eutrophus CH34. Homologous gene transfer in P. fluorescens 6.2 and A. eutrophus CH34 occurred at a frequency of 10-4 to 10-5, and recombinants inherited unselected recessive markers, suggesting a process of chromosome mobilization. Loci involved in autotrophic growth were among those transferred in A. eutrophus. In heterospecific matings, markers were transferred from P. fluorescens to A. eutrophus, Salmonella typhimurium LT2, and Escherichia coli, from A. eutrophus to P. fluorescens, and from Erwinia carotovora subsp. chrysanthemi to A. eutrophus. Heterospecific matings resulted in the formation of R-prime plasmids at frequencies of 10-7 to 10-4 per transferred plasmid. When S. typhimurium was the recipient, we observed R-prime plasmids with both restriction-proficient and restriction-deficient strains, although restriction markedly affected the frequency of transfer of pULB113. R-prime plasmids were quite stable, but lost the transposed marker more easily in a rec' background than in a recA background, suggesting excision of transposed material by reciprocal recombination between flanking copies of mini-Mu. R-prime plasmids could be transferred easily into different recipients and were used in complementation studies. PstI restriction digests of four R-prime plasmids carrying P. fluorescens 6.2 DNA showed a number of additional bands, suggesting that several genes were transposed together with the selected marker on the plasmid.
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Some plasmids belonging to incompatibility group IncPl can mediate transfer of the host chromosome (19, 44, 54) ; RP4 can mediate chromosome transfer in Acinetobacter calcoaceticus (53, 54) and Caulobacter crescentus (1) , whereas RP1 mobilizes the chromosome of Pseudomonas glycinea (32) and R772 mobilizes the chromosome ofProteus mirabilis (8) . Several derivatives of these plasmids show an increased capacity to transfer chromosomal DNA in a wider spectrum of bacterial species. R68.45, the most widely studied of these derivatives, contains a duplication of a region represented only once in the parent plasmid, R68 (59) , and has been reported to mobilize the chromosomes of Pseudomonas aeruginosa (17, 24) , Rhodopseudomonas sphaeroides (50) , Agrobacterium tumefaciens (18, 25) , Pseudomonas fluorescens (33) , Pseudomonas putida (21, 35) , Azospirillum 1016 LEJEUNE ET AL. tyramine oxidase (43) . The efficiency of transfer of RP4::Mu into a nonlysogenic heterospecific recipient is usually low. This is probably due to the combined effects of restriction of foreign DNA and zygotic induction. These effects can be overcome partially by replacing Mu with a mini-Mu prophage, such as Mu3A, which is deleted for all of the Mu lethal functions (14, 46, 52) but retains the transposition-related properties; thus, plasmid pULB113(RP4: :Mu3A) is transferred efficiently in most of the hosts which accept IncPl plasmids. pULB113 is efficient in chromosome mobilization and in the formation of R-prime plasmids in various members of the Enterobacteriaceae, including Escherichia coli (55), K. pneumoniae (55) , Salmonella typhimurium (55), Proteus mirabilis (55) and Erwinia carotovora subsp. chrysanthemi B374 (49, 56) .
In this paper, we present evidence that pULB113 is able to promote both homologous and heterologous gene transfer in bacteria that are not related to the Enterobacteriaceae. This plasmid could be a powerful tool for genetic mapping and in vivo gene cloning.
MATERIALS AND METHODS Strains. The strains used in this work are shown in Table 1 . Pseudomonas fluorescens 6.2 belongs to biotype IV of the genus Pseudomonas and has been described previously (38) . Strain CH34 is a facultative autotrophic bacterium (thus, it is able to grow with a mixture of H2, C02, and 02), is highly tolerant of cadmium, cobalt, and zinc ions (40) , and exhibits peritrichous flagellation. This bacterium contains two hydrogenases, tide membrane bound and one soluble (6) , and therefore was provisionally classified as Alcaligenes eutrophus although it diverges significantly from type strain ATCC 17697 and related strains in its capacities to use various carbon sources (K. Kesters and H. Schlegel, personal communications). Strain CH34 grows optimally at 30°C and at 37°C grows slowly, with decreased efficiency (as measured by colony-forming units). This strain exhibits an unusual property at 37°C in that the frequency of spontaneous mutations is dramatically increased; up to 10%o of the surviving clones are mutants. The most representative phenotypes encountered in these mutants are deficiency in autotrophy (Aut-), requirement for lysine (Lys-), and increased sensitivity to cadmium, cobalt, and zinc ions (Ccz-). Some of the mutants exhibiting these phenotypes are listed in Table 1 . Other auxotrophs of strain CH34 used in this study are spontaneous mutants that were isolated at 30°C after two or three cycles of ampicillin enrichment. Plasmid pULB113 was derived from plasmid RP4 carried by Escherichia coli strain NC22(RP4) (47) and not from Escherichia coli strain J5-3F- (10) , as previously indicated (55) . The structure of the transferred pULB113 plasmid in its new host (strain 6.2 or CH34) was tested genetically by checking antibiotic resistance markers, self-conjugation, and the presence of mini-Mu. This last character was tested by retransferring the plasmid to Escherichia coli and examining for expression of Mu immunity and Mu-controlled DNA modification (14) , two Mu traits which map at the ends of the prophage mini-Mu genome. The integrity of the plasmid was also confirmed by restriction endonuclease analysis.
Media. Bacteria were grown at 30°C in 869 broth supplemented with 2 x 10-3 M CaCl2 (38) . Viable counts of bacteria were made on 869 agar (38) . The minimal medium used for enteric bacteria (including Erwinia strains) was the medium of Vogel and Bonner (57) . Pseudomonas fluorescens 6.2 and Alcaligenes eutrophus CH34 strains were grown on the medium of Schatz and Bovell (48) . Lactate (0.5%) was added as a carbon source; other carbon sources were added at concentrations of 0.1%. Autotrophic growth of Alcaligenes eutrophus CH34 was obtained on the medium of Schatz and Bovell (48) without lactate by using a GasPak anaerobic jar (BBL Microbiology Systems) without catalyzer.
Matings. Donors bearing plasmid pULB113 and recipient strains were grown exponentially at 30°C in L broth. Drops (0.02 to 0.05 ml) of donor and recipient cultures were mixed on Luria agar plates and grown overnight at 30°C. Mating patches were suspended in 1 ml of a dilution fluid (10-2 M MgSO4), diluted, and spread onto appropriate selective media. Counterselection was achieved by using antibiotics, a nonpermissive temperature, or carbon sources or by omission of growth requirements. The frequencies of transfer of chromosomal markers were expressed as either the number of donor or recipient cells or the number of transferred plasmids.
Plamid preparation. DNAs of R-prime plasmids were isolated from cleared lysates by density gradient ultracentrifugation in cesium chloride-ethidium bromide gradients, using the method of Betlach et al. (5) . Miniscale plasmid isolation ( Fig. la and b) was carried out by the procedure of Kado and Liu (28) . Agarose electrophoresis (Fig. lb) was performed in a horizontal system for submerged gel electrophoresis (model H6; Bethesda Research Laboratories); the agarose concentration was 1%. The techniques used for restriction endo,luclease digestion and agarose gel electrophoresis ( Fig. lc and d ) have been described previously (55) .
RESULTS
Chromosomal genes which have been transposed onto a plasmid may be detected by heterospecific matings, provided that the recipient strains can accept foreign genes without extensive restriction and express them. Both Pseudomonas fluorescens 6.2 and Alcaligenes eutrophus CH34 display such properties in that mutants of Pseudomonas fluorescens 6.2 are complemented by Escherichia coli F-prime plasmids (37, 38) and a Leu-mutant of strain CH34 was efficiently complemented by R-prime plasmids derived from pULB113, which carried leucine genes from various enteric bacteria (55) .
Moreover, pULB113 was transferred efficiently within both Pseudomonas fluorescens 6.2 and Alcaligenes eutrophus CH34, and these two species should therefore be suitable donors, as well as recipients. (Table  3) , ilv, trp, and rps (data not shown). In Alcaligenes eutrophus CH34, this plasmid was able to promote the transfer of lys, trp, glt, leu, met, ilu, and aut (Tables 2 and 3) . ilu specifies the utilization of isoleucine as a carbon source (the wildtype strain is not able to grow in the presence of isoleucine); mutants were found at a frequency of 10-8. aut genes specify autotrophic growth by CO2 fixation in the presence of dihydrogen.
In both strains, the homologous crosses gave rise to recombinants that inherited unselected recessive markers (Table 3 ). This indicates that pULB113 induced chromosome mobilization in Pseudomonas fluorescens and Alcaligenes eutrophus, as it did in enteric bacteria (55) . This trait is useful for chromosome mapping and construction of strains.
Heterologous matings. (Table 2) . Pseudomonas fluorescens, although a good donor, accepted pULB113 (and most RP4-like plasmids) at lower frequencies than the other hosts tested. Table 4 shows that there was an appreciable recovery of R-prime plasmids in the MA412 hsd+ recipient strain of S. typhimurium, although the transfer frequency of pULB113 was decreased 100-fold compared with the transfer frequency observed when restriction-deficient strain MA421 was used as the recipient. The rec status of the recipient had no effect on the recovery of R-prime plasmids. To compare the efficiencies of gene transfer mediated by pULB113 and RP4, 10 independent clones of Pseudomonas fluorescens strain PF79 carrying pULB113 and 10 independent clones of the same strain carrying RP4 were used as donors in both homologous and heterologous matings. Every strain carrying pULB113 was able to mediate chromosome transfer in homologous matings; with strain PF106 as the recipient, Met' transconjugants were recovered at frequencies of 10-5 to 2 x 10-4 per transferred plasmid. In heterospecific matings, when S. typhimurium strain MA890 was used as the recipient, 9 of 10 strains were able to induce R-prime plasmids carrying trp from Pseudomonas fluorescens [designated R-trp(P.f.)] at frequencies of 10-8 to 2 x 106 per transferred plasmid. By contrast, the 10 strains carrying RP4 promoted homologous transfer at frequencies that were never higher than 8 x 10-7 and were not able to induce Rprime plasmids. Stability of R-prime plasmids. The following two aspects of the stability of R-prime plasmids should be considered: the stability of each plasmid as a whole and the stability of the transposed genes on the plasmid. As far as the latter is concerned, it has been shown previously that genetic material transposed onto pULB113 is surrounded by two mini-Mu sequences in the same orientation (55) . In a rec+ background, rec-mediated recombination between the two mini-Mu sequences leads to the loss by excision of the transposed genetic material from the plasmid (14, 52) . For the R-prime plasmids isolated in this work, stability was tested by looking at the presence of R-prime markers (markers of pULB113 and transposed genes) after several subcultures in nonselective media (usually 869 broth).
We investigated the stability of R-prime plasmids that carried the Erwinia carotovora trpE gene and were selected in Alcaligenes eutrophus and of R-prime plasmids that carried trpBA of Pseudomonas fluorescens and were transferred to S. typhimurium. The R-trpBA plasmids were transferred to both rec+ and recA primary recipients and tested for stability in both genetic backgrounds after appropriate retransfer. Table  5 shows the different patterns of stability. In S. typhimurium, the transposed DNA carried by the R-prime plasmid proved to be much more stable if it was first transferred to a recA recipient or if it was retransferred in a recA background (Table 6 ). Since recA influenced the stability of the transposed marker on the plasmid, it seems reasonable to assume that excision of transposed material occurred by reciprocal recombination between two flanking mini-Mu sequences. In Alcaligenes eutrophus some Rprime plasmids were unstable; most of the segregants had probably lost the entire R-prime plasmid since they did not contain either the antibiotic resistance markers or the transposed marker. Other segregants had lost only either the transposed marker or antibiotic resistance. This instability was particularly evident in the RtrpE isolates from Erwinia carotovora B374 transferred to Alcaligenes eutrophus CH34 (Table 6). We do not know whether the trp+ antibiotic-sensitive segregants still carried plasmids.
Electropherograms of R-prime plasmids. Rprime plasmids should be larger than the plasmid from which they originated, pULB113 Figure 1 shows various R-primes containing Pseudomonas fluorescens genes, including R arg(P.f.) in Escherichia coli and R-trpBA in S. typhimurium. There is an evident size increment for each of these plasmids compared with pULB113 and RP4. To verify that prototrophic transconjugants isolated in heterospecific matings really carried additional DNA of chromosomal origin transferred on the plasmid, we purified the DNAs of one R trpBA(P.f.) plasmid that was isolated from a mating between S. typhimurium MA421 and Pseudomonas fluorescens PF107 and three R' argF(P.f.) plasmids that were isolated from a mating between Escherichia coli AFlrecA and Pseudomonasfluorescens PF107-1 and were retransferred to Escherichia coli. These plasmid DNAs were digested with restriction endonuclease PstI and electrophoresed on an agarose gel (Fig. lc) .
Each of the digested plasmids produced a rather large number of bands in addition to the recognizable fragments of pULB113. Figure ld shows the results of digestion of pULB113-1 (from strain PF107-1), a derivative of pULB113 which suffered a rearrangement and was sometimes encountered instead of pULB113 in subcultures of strain PF107. pULB113-1 is characterized by a 7-kilobase insertion surrounded by two copies of mini-Mu and can also induce Rprime plasmids; the structure of this plasmid may interfere in the interpretation of some Rprime digestions. On the R-prime plasmids, the aPlasmids R-trpBA(P.f.) 8, 9 , and 10 (R-prime plasmids containing trpBA transposed from Pseudomonas fluorescens) were selected in strain MA421 (rec+) and then transferred into strain MA908 (recA). Plasmids RtrpBA(P.f.) 17 and 18 were selected in strain MA719 (recA) and transferred into strain MA890 (rec+). The stability of the plasmids was tested by growing the merodiploids (repurified once on selective medium) as single colonies on Luria agar. From each merodiploid, one colony was inoculated into 3 ml of L broth and grown overnight with aeration. The resulting culture was diluted and plated onto Luria agar; 75 or 100 colonies of each culture were then tested for the presence of Kan, Tet, Amp, and Trp markers. R-trpE(E.chr.) 1, 2, and 8 were Rprime plasmids containing trpE transposed from Erwinia carotovora subsp. chrysanthemi. b Three Ampr Tetr segregants exhibited a Trp-phenotype, suggesting loss of the transposed trp+ marker in the plasmid.
size of the transposed DNA ranged between 20 and 80 kilobases, so that at least approximately 20 genes could be transposed en bloc on the plasmid. That this transposed DNA represents mainly the bacterial chromosome should be confirmed by Southern hybridization. Nevertheless, by using interspecific complementation, it may be possible to recognize unselected chromosomal genes on these rather large plasmids and to use this as a mapping tool, as described below.
Retransfer of R-prime plasmids. R-prime plasmids were retransferred to appropriate recipients to detect the presence of unselected genes on the R-prime plasmids (15) , to help in classifying nonallelic mutations having the same phenotype, and to look at the expression of a cloned gene in a different genetic background. The experiments described below and in Table 5 illustrate these applications of R-prime plasmid retransfer.
The detection of unselected genes is shown in Table 5 . Heterologous complementation also allowed us to detect unselected genes; R met(P.f.) complemented S. typhimurium mutation ApyrF140 and Alcaligenes eutrophus mutations leu-27 and glt-91. In the last case, complementation allowed detection of a gene related to the metabolism of glutamate. The chromosomal fragments of R lys(P.f.) and R met(P.f.) overlap because both R-prime families complemented mutations lys-53 of Alcaligenes eutrophus and leu-24 of Pseudomonas fluorescens. R-prime plasmids also allowed us to classify mutations with the same phenotype, as shown with trp mutations; R trpE(P.f.) complemented trpE mutations of Pseudomonas fluorescens, Alcaligenes eutrophus, and S. typhimurium and therefore must contain at least the gene specifying the catalytic subunit of anthranilate synthetase (9) . The same plasmids efficiently complemented trp-88 but not trp-90 in Alcaligenes eutrophus, whereas R trpBA(P.f.) plasmids complemented trp-90 but not trp-88. Strains with these two trp alleles do not respond to anthranilate (as a trpE mutant would do), but do grow on indole or tryptophan (9) . Our conjugation data ( genes in Pseudomonas fluorescens are organized as they are in Pseudomonas putida and Pseudomonas aeruginosa (35) , which contain one cluster that includes trpE, trpD, and trpC and a second cluster that includes trpB and trpA; trpF is not linked to these two clusters (9, 16, 24) . Table 5 also shows that trp5l(P.f.) is not complemented by either R trpBA or R trpE but is complemented well by R met(P.f.); this mutation is a candidate for trpF.
Finally, R-prime plasmids may help in the examination of the expression of a cloned gene in different genetic backgrounds (19) ; RtrpE(P.f.) from Alcaligenes eutrophus weakly complemented a trpE allele in S. typhimurium (in contrast to Pseudomonas, the trp biosynthetic genes in S. typhimurium are organized in one operon). If the plasmid was transferred back to an Alcaligenes eutrophus trpE strain, the original strong complementation was observed. The slow-growing trpE merodiploids also gave rise to faster-growing colonies at a frequency of 1%, suggesting that some events that improve gene expression can occur and are easily selected.
This situation is reminiscent of that observed with yeast genes cloned in Escherichia coli (7) .
Such complementation data seem to be very useful for mapping purposes, especially if they are supported by data obtained with different Rprime plasmids bearing the same selected marker. However, such linkage studies should consider the possibility of unlinked segments joined by copies of mini-Mu on the R-prime plasmid. DISCUSSION Previously, plasmid pULB113 has been found to promote efficiently the transfer of chromosomal markers and to form R-prime derivatives in various enteric bacteria (54) (19, 44) . In S. typhimurium, recovery of R-prime plasmids was efficient in both recA and rec+ backgrounds. The restriction system of the recipient lowered the frequency of pULB113 transfer compared with the frequency of RP4 transfer, indicating that mini-Mu was the main restriction target within the plasmid. However, the frequencies of recovery of R-prime plasmids with respect to the number of plasmids transferred are quite similar in restriction-proficient and restriction-deficient strains. As far as the stability of R-prime plasmids during subcultures in nonselective media was concerned, a loss of the transposed genes or plasmids was observed in both Alcaligenes eutrophus and S. typhimurium. This loss might be interpreted as excision by recombination between flanking mini-Mu transposons since in S. typhimurium it was found to be recA dependent.
Restriction digests from R trpBA(P.f.) and R argF(P.f.) plasmids selected in S. typhimurium show that the total size of the transposed fragments ranges between 20 and 80 kilobases. Rprime plasmids may be analyzed easily for the presence of unselected genes by heterospecific complementation, thus facilitating mapping studies of a new species for which mutants do not exist. In this respect, the rather large size of the transposed fragments and the availability of recipients as divergent as Pseudomonasfluorescens, Alcaligenes eutrophus, and the enteric bacteria (Escherichia coli K-12, S. typhimurium) are advantageous. Such a diversity of recipients enables cloning in vivo of a large variety of genes from various origins. The use of other genera as recipients for foreign genes will further extend the possibilities of in vivo cloning. Any strain which accepts pULB113 is a potential donor for heterologous gene transfer, but it is necessary to check a number of clones supposed to carry pULB113 for the presence of (i) miniMu, (ii) intact tra functions of the plasmid, and (iii) plasmid integrity by physical means. Further extensive analysis of R-prime plasmids is needed to really take advantage of in vivo cloning mediated by pULB113, and this analysis should focus on the size and continuity of the transposed fragments, on the role of mini-Mu prophage in this respect, on the detection of unselected markers, and on those rather frequent events which improve the expression of markers which are poorly expressed in some backgrounds.
Finally, as we have found that pULB113 mobilizes Alcaligenes eutrophus genes implicated in autotrophic growth, our results offer some perspectives for cloning and genetic studies of chemolithotrophic metabolism (6) .
